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[57] ABSTRACT 

A lenticular lens sheet for a rear projection television, which 
exhibits smooth color change and has a wide viewing angle 
even in a television set having a large convergence angle. A 
group of vertical straight-lino shaped entrance-side lens 
surfaces are provided on an entrance side I of the lenticular 
lens sheet. Each entrance-side lens surface has a cross- 
section defined approximately by a part of an ellipse, and 
satisfies the condition of 2.5^bp/a^^3.0, where b is the 
major axis of the ellipse; a is the minor axis of the ellipse; 
and p is the width of each entrance -side lens surface. A group 
of vertical straight-line shaped exit-side lens surfaces are 
provided on an exit side O of the lenticular lens sheet. Each 
exit-side lens surface has a cross-section defined approxi- 
mately by a part of an ellipse, and satisfies the condition of 
0.55§b/(a^(t))^0,75, where ((► is a convergence angle formed 
by two adjacent projection tubes. Alight-absorbing layer BS 
is provided on each light-blocking portion. The thickness L 
of the lenticular lens sheet from the bottom of the entrance- 
side lens surface I to the vertex of the exit-side lens surface 
O is set so that light entering the lens through the bottom of 
the entrance-side lens surface I intersects the center axis 
outside the exit-side lens surface O. 

4 Claims, 16 Drawing Sheets 
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LENTICULAR LENS SHEET FOR USE IN 0.55ib/(a^(|>)S0.75 

REAR PROJECTION TELEVISION where b is the major axis of the ellipse; a is the minor 

axis of the eQipse; and ib is an angle formed by two 

BACKGROUND OF THE I^fVE^mON adjacent projection tubes with respect to the center of 

The present invention relates to lenticular lens sheets and, 5 a screen sheet, 
mote particularly, to a lenticular lens sheet for a screen used A light-absorbing layer , is provided on each of light- 
in a rear projection television. blocking portions of the exit-side lens surfaces, and the 

Since projection televisions are not so bright as CRT thickness L of the lenticular lens sheet from the bottom of 

direct-viewing televisions, a screen as bright as possible has f entrance-side lens surface to the vertex of each exitside 

heretofore been demanded. Consequently, there has been a id ^^^/J^rf^^ satisfies the following condition: 

demand for a lenticular lens surface configuration exhibiting L=p/[2 tan{6i-arcsm(sm 0i/n)|] , , ^ ^ 

a high luminance and a large aH [angle at which the gain is ^ ^ 1^°^^^^^^^ ^^^^ P^^^^ ^^^^^^^^^^ 

' ^flf ^u^'J^t i'^""" ^ '-f^^r^u!"- ^"^^-^r^' the angle of the normal to the entrance-side lens 

atigle)] such that the loss of mcident light is minimized, and ^surface at the bottom thereof; and 

a large amount of light emanates m the forward direction. A 15 ^. ^fractive index of the lenticular lens sheet 

configuration of a lenticular lens that meets such a demand ^^^^ above -described conditions are satisfied, a 

is disclosed, for example, m Japanese Patent AppUcation ^^^1^ cutoff may occur in the gain chart depending upon the 

Post-Examination Pubhcation No. 7-19029. In the prior art, combination thereof. In this regard, we have found that the 

both the entrance- and exit-side lens surfaces of a lenticular characteristic curve in the gain chart can be made still 

lens have an approximately elliptical sectional 20 gentler by arranging the sectional configuration of each 

configuration, and a Ught-absorbing layer is formed on a entrance-side lens surface such that a foot portion of the 

light -blocking portion of the exh-side surface. Incident Hghl entrance-side lens surface is formed from a straight fine or 

is focused in the lenticular lens. The exit-side lens surface is a part of an inverse circle having a center of curvature in the 

formed in the vicinity of the focus point. In its light diffusion entrance -side space . 

characteristic chart (gain chart), the lenticular lens has a 25 1° the gain chart, G shows an approximately triangular 

bell-shaped characteristic curve that rises sharply near 45**. characteristic curve, and R and B each show a truncated 

On the other hand, there has recently been a demand for approximately triangular characteristic curve. Therefore, 

a lenticular lens configuration capable of providing uniform J^^^^ ^ slight luminance difference between G on the one 

color and luminance over a wide angle range, in disregard of R and B on the other. In this regard, we have found 

some loss of Ught, owing to the improvement in perfor- 30 t^^^ ^Uhc characteristic curve of G can be rounded 

mance of projection tubes, etc. In particular, with the mmunize the lummance difference by arranging the 

achievement of thin television sets, a screen having a larger sectional configuration of each entrance-side lens surface 

convergence angle than the conventional ones and yet exhib- ^^^^ ^^at the vertex portion of the entrance-side lens surface 

iting excellent uniformity has been required. In the case of ^ ^^rmcd from a part of a circle having a larger radius of 

the above-described conventional lenticular lens 35 curvature than that of the elhpse. 

configuration, the characteristic curves of R (red), G (green) . ^^^^ specifically, the present mvention provides a len- 

and B (blue) in the gain chart rise rapidly near 45° at ticular lens sheet used for a rear projection screen of a rear 

respective points displaced relative to each other. Therefore, Projection television, The lenticular lens sheet mcludes a 

the luminance ratio of each color becomes large near 45% S^^^P ^^^ical straight-Une shaped entrance-side lens 

causing the television screen to look undesirably colored as 40 surfaces provided on an entrance side of the lenticular lens 

viewed from an obhque direction. '^he entrance-side lens surfaces each have a cross- 
section defined approximately by a part of an eUipse, and 

SUMMARY OF THE INVENTION satisfy the following condition: 

In view of the above-described problems associated with 2.5§bp/a^^3.0 

the prior art, an object of the present invention is to provide 45 where b is the major axis of the ellipse; a is the minor 

a rear projection screen exhibiting smooth color change and axis of the ellipse; and p is the width of each of the 

having a wide viewing angle even in a television set having entrance-side lens surfaces. 

a large convergence angle. The lenticular lens sheet further includes a group of 

From a study of lenticular lens configurations to solve the vertical straight-line shaped exit-side lens surfaces provided 

above-described problem, we have found that a lenticular 50 on an exit side of the lenticular lens sheet. The exit-side lens 

lens sheet arranged as stated below provides advantageous surfaces each have a cross-section defined approximately by 

effects that, in a gain chart, green light (G) has an appro xi- a part of an ellipse, and satisfy the following condition: 

mately triangular diffusion characteristic curve, and red fight 0.55 ^b/(a^(t>) ^ 0.75 

(R) and blue light (B) each have a tnmcated approximately where b is the major axis of the ellipse; a is the minor 

triangular characteristic curve, and further the ratio of R/B 55 axis of the ellipse; and (|) is an angle formed by two 

assumes a relatively small value over the entire range. In the adjacent projection tubes with respect to the center of 

lenticular lens sheet, a group of vertical straight-line shaped a screen sheet. 

entrance-side lens surfaces each have a cross-section defined A light-absorbing layer is provided on each of fight- 
approximately by a part of an ellipse, and satisfy the blocking portions of the exit-side lens surfaces, 
following condition: 60 The thickness L of the lenticular lens sheet from the 
2.5^bp/a^^3.0 bottom of each entrance-side lens surface to the vertex of 
where b is the major axis of the ellipse; a is the minor each exit-side lens surface satisfies the following condition: 
axis of the ellipse; and p is the width of each of the L^py[2 tan{9j-arcsin(sin 6j/n)}] 
entrance-side lens surfaces. where p; a lenticular lens pitch of the lenticular lens 
A group of vertical straight-line shaped exit-side lens 65 sheet; 
surfaces each have a cross-section defined approximately by 6^: the angle of the normal to the entrance-side lens 
a part of an ellipse, and satisfy the following condition: surface at the bottom thereof; and 
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n: the refractive index of the lenticular lens sheet. 
In this case, each entrance-side lens surface may have a 

sectional configuration in which a foot portion of the (i) 

entrance-side lens surf ace in the range of from 2% to 10% ^ ^^^^ ^le of expressing not only 

from the bottom is formed from a straight Ime or a part of 5 ^ ^^^^^ ^ hyperbola, etc. according to 

an mverse arcle having a center of curvature in theentrance- ^ 

Side space. Alteraatively, each entrance -side lens surface direction is obtained 

may have a sectional configuration in which the vertex J^^^j inventor examined the gain charts of various 

poruon of the entrance-side lens surface is foraied frorn a j^^^^^,^^ configurations and, as a result, found that 

part of a Circle havine a larger radius of curvature than that lo i .-f. ■ • j* u * -j i 

^ ^ ^ color shift is improved in a case where an entrance-side lens 

^ ^ Ipse. - , . . ,„ , surface I has an elUptical sectional configuration in which 

StiU other objects and advantages of the invenUon will in ^^j^^ ^.^^^ ^^^^ 2.5 to 3.0, where p 

part be obvious and will m part be apparent from the ^ lenticular lens surface pitch (i.e. the width of each lens 

spec ca ion. . , ^ , surface), and an exit-side lens surface O has an elliptical 

The invention accordmgly composes the features of 15 sectional configuration in which the value of l/<t,c is in the 

construction, combinations of elements, and arrangement of „ 55 „ 75 ^^^^^ ^ the convergence angle 

parts which wUl be exemphfied m the construction herein- „f ejected light, and fiirther, light entering the lens through 

to'the clains °^ '^"^ entrance-side lens surface 1 intersects the 

center line outside the exit -side lens surface 0 . It should be 

BRIEF DESCRIPTION OF THE DRAWINGS noted that the exit-side lens surface 0 is aligned with the 

entrance-side lens surface I, and a stripe-shaped light- 

FIG. 1 is a sectional view of a repeating unit of the absorbing layer BS is provided on a Hght-blocking portion 

lenticular lens sheet according to the present invention. between each pair of adjacent exit-side lens surfaces O. 

FIG. 2 is a view for describing the convergence angle of As shown in FIG. 2, the convergence angle ((» is defined as 

projected light. the angle ((> formed by two adjacent projection tubes with 

FIG. 3 shows an optical path of light refracted by an respect to the center of the screen, 

entrance-side lens surface when light is made incident on the 1° ^^G, 1, assuming that the diameter in the x-axis 

lenticular lens sheet at right angles to the lenticular leas direction (diameter parallel to the screen surface) of the 

sheet surface ellipse is a and the diameter in the y-axis direction (diameter 

FIG. 4 is a view for describing a modification of the '° Perpendicular to the screen surface) ^ b, the following 

present invention. relations hold: c=a /b, and l+k=a /b^. Accordingly, the 

— *. , , ^, above-described conditions for the ellipse, under which the 

FIG. 5 IS a gam chart of Example 1 of the present ^^-^^ ^^^^ ^ improved, are as follows: 
invention. 

FIG. 6 is a gain chart of Example 2 of the present 2.5Sbp/a^^3.0 
invention. 

FIG. 7 is a gain chart of Example 3 of the present 

mvention. pjQ ^ assuming that the normal to the bottom of the 

FIG. 8 is a gain chart of Example 4 of the present entrance-side lens surface I is m and the incident angle of 

mvention. jiglj^ (usually, green light) incident on the bottom at right 

FIG. 9 is a gain chart of a comparative example, angles to the lenticular lens sheet surface is 9i, the thickness 

FIG. 10 is a chart showing color shifts in Examples 1 to L of the lenticular lens sheet firom the bottom of the 

4 of the present invention and in the comparative example, entrance -side lens surface 1 to the vertex of the exit-side lens 

FIG. 11 illustrates an RGB ray trace in Example 1 of the 4S surface O should satisfy the foUowing condition in order for 

present invention. ^S^^ incident on the bottom of the entrance-side lens 

FIG, 12 illustrates an RGB ray trace in the comparative ^ '}^^^ ^° lenticular lens sheet surface 

example mtersect the y-axis outside the exit-side lens surface O: 

FIG. 13 is a color shift chart in a case where parameters L^(p/2)/tan(ei-e2) 
of an entrance-side lens surface are changed. 

FIG. 14 is a color shift chart in a case where parameters "P^2 tan{ei-arcsia(sm ejn)}] (3) 
of an exit-side lens surface are changed. 

T-Fo ic • u * - u- u 1 u * t In the above expression, n is the refractive index of the 

FIG, 15 is a chart in which color shifts at specific angles i 4- i i u * j n - i r ^ n- 

, ex. : T lenticular lens sheet, and 62 is the angle of refraction of hght 

are plotted with respect to a parameter of the exit-side lens • ■ j * *i. u rfi . • j i r t . 

surface mcident on the bottom of the entrance-side lens surface I at 

the incident angle d^, 

FIG, 16 IS a gain chart at b/(a (t))«0.8. pjo. 3 is a diagram showing an optical path when tight is 

DESCRIPTION OF THE PREFERRED made incident on the lenticular lens sheet at right angles to 

EMBODIMENTS surface thereof, in which it is assumed that light is not 

60 refracted by the exit-side lens surface O . 

Some examples of the lenticular lens sheet according to The feature of this lenticular lens configuration is as 

the present invention will be described below in detail witii follows: Light entering the lenticular lens through the 

reference to the accompanying drawings. entrance -side lens surface I does not focus at one point but 

FIG. 1 is a sectional view of a repeating unit of the intersects the center line (y-axis) at a point which becomes 

lenticular lens sheet according to the present invention. 65 more distant as the incident position shifts from the vertex 

When the origin of a coordinate system is set at the vertex through the foot to the bottom of the entrance -side lens 

of an ellipse, the equation of the ellipse may be given by surface I. Further, the exit-side lens surface O is set inside 



0.55^5/(3241)^0.75 (2) 
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the intersection (T) (see FIG. 3) between the center line and to reduce the difference in luminance between G on the one 

hght entering the entrance-side lens surface I through the hand and R and B on the other. 

foot thereof. Thus, light entering the entrance-side lens Specific Examples 1 to 4 and a comparative example will 

surface I through the foot thereof emanates from the len- be described below. 

ticular lens sheet at an increased angle by being refracted by 5 In any of the examples, the pitch p is 0.75 milHmeter; 

the exit-side lens surface 0. regarding the entrance-side lens surface I, a is 0.5 millimeter, 

The conventional lenticular lens is designed such that and b is 1.0 millimeter; regarding the exit -side lens surface 
incident light focuses in the vicinity of the exit-side lens O , a is 0.4 millimeter, b is 1.1 millimeters, and Lis 0.53 
surface, and light incident on the foot of the entrance-side millimeter; the refractive index n is 1.5; and the convergence 
lens surface is also refracted by the exit-side lens surface so id angle <j) is 11**. In Example 1, both the entrance-side lens 
as to emanate in a direction as close to the forward direction surface I and the exit-side lens surface O have an elliptical 
as possible, whereas the lenticular lens according to the sectional configuration. In Example 2, the entrance-side lens 
present invention adopts an idea opposite to the above. By surface I has a sectional configuration in which 7.5% of each 
virtue of the feature of the present invention, in the gain foot of the entrance-side lens surface I is formed from a 
chart the characteristic curve has an approximately triangu- 15 straight line. In Example 3, the entrance -side lens surface I 
lar shape that is approximately uniform in gradient from the has a sectional configuration in which 7.5% of each foot of 
center to each end. Consequently, there is no sharp cutoff of the entrance-side lens surface I is formed from a part of an 
gain, and changes of color and brightness become smooth. inverse circle having a radius of 0.5 millimeter. In Example 
Moreover, there is no inversion of color due to a cutoff as 4, the entrance-side lens surface I has a sectional configu- 
occurs frequently in the conventional lenticular lens con- 20 ration in which 30% of the vertex portion of the entrance- 
figuration. Therefore, color correction by the exit-side lens side lens surface I is formed from a part of a circle, in 
surface O is facilitated. addition to the sectional configuration according to Example 

The exil^ide lens surface O operates to control the angle 2. The normal angle O^ is 64.3* in Example 1, 57.1** in 

of diffusion with respect to green light (G) and also operates Example 2, 32,9** in Example 3, and 57.1° in Example 4. At 

to correct the angle with respect to red light (R) and blue 25 the joint between each pair of adjacent lenticular lenses, the , 

light (B). Although many of the conventional television sets two lenses are cemented together such that the tangential 

have a convergence angle of from 7° to 8*, recent television angles of the respective configurations are equal to each 

sets generally have a convergence angle of 10** or more. In other. In each example, bp/a^=2.75 for the entrance-side lens 

conformity to the increased convergence angle, it is prefer- surface I, and b/(a^4')=0-623 for the exit-side lens surface O. 
able to increase the gradient of the mid-slope portion of the 30 FIGS. 5 to 8 show gain charts of Examples 1 to 4, 

exit-side lens surface O , which is a region from which red respectively. FIG. 9 shows a gain chart of a comparative 

light and blue light emanate. example. In the comparative example, bp/a^«2.27 for the 

In a case where the entrance-side lens surface I is elliptical entrance-side lens surface, and b/(a^(t)) =0.257 for the exit- 
in its entirety, the angle O^ can be obtained as follows: side lens surface. FIG. 10 is a chart showing color shifts in 

Differentiating Eq.(l) yields the following equation: 35 Examples 1 to 4 and comparative example. 

It will be understood from FIGS. 5 to 10 that the lenticular 
lens sheets according to the present invention are improved 

dy/dx^-ix/cyii-ii+kXx/cf})'^ (4) in color shift at angles within 40° at which many people 

Accordingly, the tilt of the normal to the lens surface at f^^."^^ television screens Accordingly, the use of the 
the bottom thereof is given by substituting p/2 for x in denticular lens sheets accordmg to Examples 1 to 4 makes it 
£ J ^ ^ possible to improve the uniformity of color over the whole 

* screen when the screen is viewed from an oblique direction 

dy/dx«-(p/2cy{i-(iA-k)(p/2cf}^ (5) i° comparison to the comparative example. 

For reference, RGB ray U-aces of the above-described 
Since Eq.(5) is equal to tanel, the following equation is 45 Example 1 and comparative example are illustrated in FIGS, 
obtained: 11 and 12. 

FIG. 13 is a color shift chart similar to FIG, 10 in a case 
e,=arctanCrfv/dr)-arctan[(p/2c)/{i-(i4*)(p/2c)^}>^] {6) ^^^^^ bp/32 changed in the range of from 2-27 to 3.25 for 

u^i^ut i.A ««f ^ «M t T ■ • Ihe entrance-side lens surface. Parameters other than those 

Ine height y or the entrance-side lens surface I is eiven ^ , . , , - , . ^ , 

50 ot the cntrancc-sidc lens surface arc the same as m Example 

1. When bp/a^ is 2.27, the color shift shows a relatively large 

\y\'^u{i-{uk)(pi2cy}^]^{{Uk)/c} (7) value even at a small angle, whereas, when bp/a^ is in the 

range of from 2.5 to 3.0, the color shift becomes large from 

FIG. 4 is a view for describing a modification of the an angle near 40**. The increase of the color shift at angles 

present invention, in which two lens surface configurations 55 of 40° and more can be minimized by forming the foot of the 

are shown in combination with each other. In one sectional configuration of the entrance-side lens surface I 

configuration, the cross-section of the entrance-side lens from a straight line or a part of an inverse circle as in 

surface I is not formed from a single ellipse but has at its foot Examples 2 and 3. When bp/a^ is 3,25, the color shift 

portion a straight line or a part of an inverse circle having a becomes large in the opposite direction in the vicinity of 20**. 

center of curvature in the entrance-side space. In the other 60 FIG. 14 is a color shift chart similar to FIG. 10 in a case 

configuration, the cross-section of the vertex portion of the where b/(a^(t)) is changed in the range of from 0.3 to 0.8 for 

entrance -side lens surface I is formed from a part of a circle the exit-side lens surface. Parameters other than those of the 

having a larger radius of curvature than that of the ellipse exit-side lens surface are the same as in Example 1. FIG. 15 

that defines the sectional configuration of the rest of the is a chart in which color shifts at 35° and 55*^ are plotted with 

entrance-side lens surface I. Adopting either or both of the 65 respect to the values of b/(a^{j)). It will be understood from 

two configurations enables the characteristic curve in the FIG, 15 that the color shift at 35° reaches a minimum at 0.7 

gain chart to become still gentler and also makes it possible for b/(a^(t)) and is 2 or less in the range of from 0.65 to 0.75 
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for b/(a^(t>). The color shift at 55° reaches a minimum at 0.6 
for b/(a^<t)) and is 10 or less in the range of from 0.55 to 0.65 
for b/(a^4)). It will be understood from FIGS. 14 and 15 that 
b/(a^(t)) is preferably set in the range of from 0.55 to 0.75, 
and that an optimum value is 0.65. It should be noted that in 5 
these color shift charts only R and B light are considered, 
and G light is not taken into accoimt. FIG. 16 shows a gain 
chart at b/(a^((>)=0,8. As will be understood from the figure, 
if b/(a^(ti) is set at an excessively large value, the difference 
between G on the one hand and R and B on the other lo 
becomes unfavorably large. 

As will be clear from the foregoing description, the use of 
the lenticular lens sheet according to the present invention 
makes it possible lo obtain a rear projection screen exhib- 
iting smooth color change and having a wide viewing angle 15 
even in a television set having a large convergence angle. 

What I claim is: 

1. A lenticular lens sheet used for a rear projection screen 
of a rear projection television, said lenticular lens sheet 
comprising: 20 
a group of vertical straight-line shaped entrance-side lens 
surfaces provided on an entrance side of said lenticular 
lens sheet, said entrance-side lens surfaces each having 
a cross-section defined by a part of an ellipse, and said 
entrance-side lens surfaces satisfying the following 25 
condition: 
2.5^bp/a^^3.0 

where b is a major axis of said ellipse; a is a minor axis 
of said ellipse; and p is a width of each of said 
entrance-side lens surfaces; 
a group of vertical straight-line shaped exit-side lens 
surfaces provided on an exit side of said lenticular lens 
sheet, said exit-side lens surfaces each having a light- 
blocking portion and a cross-section defined by a part 
of an ellipse, said exit-side lens surfaces satisfying the 
following condition: 
0.55 ^b/(a^4))^ 0,75 

where b is a major axis of said ellipse; a is a minor 
axis of said ellipse; and (j) is an angle formed by 



two adjacent projection tubes with respect to a 
center of a screen sheet; and 
a light-absorbing layer provided on each of said fight- 
blocking portions of said exit -side lens surfaces; 
wherein a thickness L of said lenticular lens sheet from a 
bottom of each entrance-side lens surface to a vertex of 
each exit-side lens surface satisfies the following con- 
dition: 

Lip/[2 tan {ei-arcsin(sin OJ/n}] 
where p: a lenticular lens pitch of said lenticular lens 
sheet; 

e^: an angle of a normal to the entrance-side lens 
surface at the bottom of the entrance-side lens 
surface; and 

n: a refractive index of said lenticular lens sheet. 

2. A lenticular lens sheet according to claim 1, wherein 
said cross-section of each said entrance-side lens surfaces is 
defined by a part of said eUipse except for a foot portion of 
the entrance -side lens surface in a range of from 2% to 10% 
from said bottom which is formed firom one of a straight line 
and a part of an inverse circle having a center of curvature 
in an entrance-side space. 

3. A lenticular lens sheet according to claim 1, wherein 
said cross-section of each said entrance-side lens surfaces is 
defined by a part of said ellipse except for a vertex portion 
of the entrance-side lens surface which is formed firom part 
of a circle having a larger radius of curvature than that of 
said ellipse. 

4. A lenticular lens sheet according to claim 1, wherein 
said cross-section of each said entrance-side lens surfaces is 
defined by a part of said ellipse except for a foot portion of 
the entrance-side lens surface in a range of from 2% to 10% 
from said bottom which is formed from one of a straight fine 
and a part of an inverse circle having a center of curvature 
in an entrance-side space and a vertex portion of the 
entrance-side lens surface which is formed from part of a 
circle having a larger radius of curvature than that of said 
ellipse. 
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